ABSTRACT Corneal infection with herpes simplex virus 1 (HSV-1) leads to infection of trigeminal ganglia (TG), typically followed by the establishment of latency in the infected neurons. When latency is disrupted, the virus reactivates and migrates back to the cornea, where it restimulates the immune response, leading to lesions in a disease called herpetic stromal keratitis (HSK). HSK requires T cell activation, as in the absence of T cells there is no disease. We decided to determine if CD28 costimulation of T cells was required in HSK. The results indicated that C57BL/6 CD28 Ϫ/Ϫ and BALB/c CD28 Ϫ/Ϫ mice failed to develop recurrent HSK, while their wild-type counterparts did. In order to better understand the dynamics of TG infection in these mice, we evaluated the amount of virus in infected TG and the number of individual neurons harboring latent virus. The results indicated that CD28 Ϫ/Ϫ mice possessed significantly increased genome levels in their TG but many fewer LAT-positive cells than wild-type mice from day 7 to day 30 but that after day 30 these differences became nonsignificant. We next evaluated total and antigenspecific CD8 ϩ T cells in TG. The results indicated that there were significantly fewer CD8 T cells in TG from day 10 to day 25 but that after that the differences were not significant. Taken together, these data suggest that CD28 costimulation is required for HSK but that while initial infection of TG is greater in CD28 Ϫ/Ϫ mice, this begins to normalize with time and this normalization is concurrent with the delayed development of antigen-specific CD8 ϩ T cells.
viral genome is present, but few active virions are detected in these infected neurons; however, they do express viral RNA, with latency-associated transcripts being one of the most abundant in these latently infected neurons (5, 6) . This latent infection can be interrupted by various forms of stimuli, including immunosuppressive events, such as fever, menses, sunlight (UV), irradiation, stress, and trauma (7) (8) (9) (10) (11) . Following reactivation, new viruses are formed, the virus travels via anterograde axonal transport back to the epithelial surface, and its replication and subsequent stimulation of a host immune response are responsible for the observed symptoms that define most cases of corneal keratitis (12) (13) (14) . This disease is a leading cause of infectious blindness in the Western world, with one study determining a prevalence of HSV keratitis of 149/100,000 people (1) .
In humans, primary disease is rare, occurring mostly in children and the immunosuppressed. Primary disease is most often clinically asymptomatic, although in 1 to 6% of cases it presents as blepharoconjunctivitis that heals without scarring (8) . Primary disease typically begins by exposure through the corneal or oral epithelium. The virus replicates in these cells and then travels via retrograde axonal transport in sensory neurons to the sensory ganglia (most often the trigeminal ganglia), where it establishes latency. The dominant form of clinical disease is the result of reactivation of virus.
Recurrent disease in the cornea is an immunopathologic condition that is initiated by the renewed presence of virus in the cornea, which restimulates the immune response, leading to inflammation of the cornea and resulting in damage to the cornea. In humans, the inflammatory infiltrate in herpetic stromal keratitis (HSK) is characterized by the influx of a phenotypically diverse population of leukocytes consisting of lymphocytes, neutrophils, and mononuclear phagocytes (6, 7) . Animal studies have shown that neutrophils are the cell type found in the greatest numbers in corneas displaying disease (15, 16) . However, these studies have conclusively determined that HSK does not occur in the absence of T cells (17) (18) (19) (20) .
The activation of T cells requires not only the engagement of the T cell receptor with a complex of a major histocompatibility complex (MHC) class II antigen and a foreign peptide but also a costimulatory signal between antigen-presenting cells (APC) and the T cell (21, 22) . For naive T cells, this interaction is typically between CD28 on the T cell and CD80 or CD86 on the APC (22) . In the absence of this costimulatory interaction, T cells typically enter an inactive state of anergy in which they do not become effector cells. Very little has been reported on the role that the CD28 costimulatory pathway plays in primary HSK (23, 24) , as the focus has been on the expression of CD80/86 and not directly on CD28. As for recurrent disease, nothing has been reported. Consequently, we set out to determine the consequences of ocular infection with HSV-1 on the development of both primary and recurrent HSK in mice, where this interaction does not occur. We present evidence demonstrating that neither primary nor recurrent HSK develops in mice, where the CD28 costimulatory pathway does not exist. We demonstrate that there is little to no corneal disease, as evidenced by a lack of opacity, neovascularization, or loss of corneal sensitivity, and that the cellular inflammation is significantly reduced following reactivation. In contrast, CD8 T cell immune responses in the trigeminal ganglia, while are initially impaired, do develop, leading to an imperfect control of the latent infection.
RESULTS
To determine whether CD28 costimulation is required for the development of corneal disease following infection with HSV-1, we infected both BALB/c and BALB/c CD28-knockout (C-CD28KO) mice with the KOS strain of HSV-1. As evidenced in Fig. 1 , mice lacking CD28 displayed significantly reduced opacity and neovascularization compared to their wild-type counterparts. Since C57BL/6 (B6) mice do not routinely develop significant disease when infected with the KOS strain of HSV-1, we infected B6 and B6 CD28-knockout (B6-CD28KO) mice with the McKrae strain of HSV-1. Unfortunately, this infection did not prove to be successful, as even at 10 5 PFU/mouse, most of the B6-CD28KO mice succumbed to this infection (data not shown). Because of these observations, only BALB/c mice were used to evaluate the effects of CD28-mediated costimulation during primary disease.
We next decided to test whether CD28 costimulation had any effects on recurrent HSK by establishing a latent infection in BALB/c and C-CD28KO mice with the McKrae strain of HSV-1. At 5 weeks postinfection, we treated these mice with UV-B to reactivate the virus. As shown in Fig. 2 , the C-CD28KO mice displayed significantly reduced opacity, neovascularization, and blepharitis compared to wild-type BALB/c mice, once again demonstrating that CD28 costimulation is critical to developing a significant immune response that results in corneal disease. Interestingly, two remarkable observations were made when these mice were swabbed for infectious virus. The first was that over 10% of the C-CD28KO mice shed virus prior to UV-B reactivation. This is unusual, as we have observed this with only one other strain of mouse and that was a B6 gamma interferon (IFN-␥)-knockout (B6-IFN-␥KO) strain (25) , which demonstrated a 10% shedding rate prior to UV-B reactivation. Since wild-type as well as many other gene-targeted mice do not display viral shedding at 5 weeks postinfection, we consid-ered this an indication that the responses in the TG were different in C-CD28KO mice than in BALB/c mice. The other observation was that C-CD28KO mice shed virus for much longer (up to day 12) than wild-type BALB/c mice, which did not shed virus for more than 6 days postreactivation (Table 1) . Similar studies were also performed using B6 and B6-CD28KO mice. As expected, the B6-CD28KO mice display a significantly reduced disease profile compared to wild-type B6 mice (Fig. 3 ). These mice also demonstrated a pattern of viral shedding very similar to that of their BALB/c counterparts (Table 1) . It should be noted that both B6-CD28KO and C-CD28KO mice displayed greater rates of reactivation (the percentage of mice with at least 1 day of measurable PFU), greater peak titers, and the persistence of viral shedding compared to their wild-type counterparts (Table 1) . Consequently, these data do not support the notion that increased viral titers, the reactivation frequency, or the persistence of viral shedding is a good predictor of corneal disease, as the CD28KO mice did not demonstrate significant disease, despite showing greater values for these virological indices. To better characterize the cellular infiltrate following reactivation, we isolated cells from the corneas of mice in which virus was reactivated at 17 days after UV-B-induced reactivation for flow cytometric analysis. These cells were initially gated on CD45 ϩ cells to restrict our analysis to the inflammatory infiltrate and then evaluated for CD4, CD8, GR-1, F4/80, and CD11b expression. As seen in Fig. 4 , significantly more CD45 ϩ cells were isolated from B6 mice than from B6-CD28KO mice (8,874 Ϯ 1,800 versus 1,746 Ϯ 468, P Ͻ 0.01). Interestingly, while B6 mice displayed significantly greater numbers for all the surface molecules tested, the relative percentages of these cell types were quite similar when comparing B6 to B6-CD28KO mice (Fig. 4) . Furthermore, functional analysis of CD8 ϩ T cells isolated from the corneas of these mice did not reveal any significant differences in the percentage of cells expressing IFN-␥, tumor necrosis factor alpha (TNF-␣), or CD107 (unpublished data).
As indicated earlier, B6-CD28KO mice, unlike their wild-type counterparts occasionally shed virus well beyond the normal day 7 postinfection (Table 1 ). This suggests that these mice do not have control over viral replication as tight as that seen with wild-type B6 mice and that latency might be similarly affected, as was evidenced by the fact that slightly more than 10% of mice without CD28 costimulation were shedding virus at the time of reactivation. We decided to address this observation in three different ways.
The first was to determine whether B6-CD28KO mice develop a greater infection of their TG than B6 mice. This analysis involved performing real-time PCR analysis to determine the relative amount of viral DNA in isolated trigeminal ganglia (TG). This analysis would allow us to determine the relative number of HSV-1 genome copies in these two strains of mice following infection. We had predicted that the B6-CD28KO mice would harbor significantly more viral DNA in their TG than B6 mice. This is precisely what we observed when the TG were analyzed at days 13 and 23 postinfection (Fig. 5) . However, by day 30 the attrition of viral DNA in B6-CD28KO mice reduced their genome levels to where there were no significant differences between these two strains of mice. This suggests that mice without CD28 costimulation were still able, with time, to restrict the long-term infection of TG following infection.
Since it was possible that differences in genome copy numbers could be the result of more genomes per neuron in B6-CD28KO, mice we also performed fluorescent in situ FIG 4 B6-CD28KO mice did not display significant numbers of inflammatory cells compared to wild-type B6 mice. Corneas were removed from latently infected B6 (n ϭ 10) and B6-CD28KO (n ϭ 10) mice at day 17 following reactivation. These corneas were disaggregated into single-cell suspensions and stained with antibodies against CD45, CD4, CD8␣, GR-1, and F4/80. The cells were then analyzed by flow cytometry. The data represent the mean Ϯ SEM for individually analyzed corneas from these groups. Then, the number of each type of cell was significantly greater in wild-type B6 corneas. *, P values ranged from 0.01 to 0.005.
hybridization (FISH) analysis to quantitate the number of neurons expressing LAT as a means of quantifying latent infection with HSV-1 in infected TG. Previous studies examining HSV-1 latency have shown that using a similar methodology detects approximately 25% to 30% of latently infected ganglionic neurons (26) (27) (28) . We anticipated that the results of that analysis would parallel the genome copy numbers, namely, that B6-CD28KO mice would display significantly greater numbers of latently infected cells. This, however, was not the case. Instead, B6 wild-type mice had significantly more LAT-positive (LAT ϩ ) cells than B6-CD28KO mice at early time points (days 13 and 21) following infection, but with time (day 40), as was observed for genome copy numbers, these differences became insignificant (Fig. 6) .
Finally, we decided to evaluate the cellular infiltrate found in the TG of infected mice. Previous studies have indicated that there is a significant influx of CD8 ϩ T cells into the TG of infected mice (29, 30) . Furthermore, in B6 mice, approximately 50% of these cells are gB tetramer positive, with the remainder of the CD8 ϩ T cells being specific for other nondominant viral peptides (31) . Results from our analysis were remarkably like those seen in Fig. 5 and 6 . Namely, when evaluated at day 7 and day 14 postinfection, the CD8 T cell response in the TG of B6-CD28KO mice was significantly less than that seen with wild-type B6 mice; however, by day 41 there were no significant differences (Fig. 7) . Interestingly, the percentage of gB-positive tetramer CD8 ϩ T cells was consistently greater for wild-type B6 mice than for B6-CD28KO mice (Fig. 8) . In contrast to differences in gB tetramer percentages, the overall functionality, as determined by the expression of CD107, TNF-␣, and IFN-␥, of the CD8 ϩ T cells found in the TG was the same between these two strains, as shown in Fig. 9 . This led us to test whether there were any differences in the expression of exhaustion markers, such as PD-1 or TIM-3; however, such an analysis did not demonstrate any differences for CD8 ϩ T cells found in B6 and B6-CD28KO mice (data not shown). Taken together, these results for CD8 ϩ T cells isolated from TG indicate that the lack of CD28 costimulation does not prevent the development of a CD8 T cell response but does significantly delay it.
demonstrating clinical disease are a result of reactivated HSV-1 (8, 12, 13, 32) . Recurrent infection causes an immunopathologic condition that leads to corneal inflammation and chronic damage. Previous studies have demonstrated that HSK requires intact T cells (17) (18) (19) (20) and an inflammatory infiltrate that consists of both neutrophils (15, 33) and macrophages (34, 35) . Our present study extends those studies by indicating that CD28 costimulation of T cells is necessary for both primary and recurrent disease.
T cell activation requires both engagement between the T cells' T cell receptor and the MHC class II antigen and foreign peptide, as well as various costimulatory signals. In the case of naive T cells, the costimulatory signal is typically CD28 on the T cell, which interacts with CD80/86 on the APC (21, 22) . Previous studies from other groups have evaluated CD40/CD154 costimulation (36) and OX40/OX40L costimulation (37) in the context of acute infection with HSV-1. In both instances, these interactions did not appear to be directly involved in the effector phase of the disease, as blocking such responses did not alter the disease course (36, 37) . We decided to focus on the CD28/CD80 or CD86 interaction, as it had not been sufficiently studied. Our studies demonstrate that mice lacking CD28 (BALB/c CD28KO mice) do not develop significant primary disease, suggesting that CD28 costimulation of CD4 ϩ T cells, the cell type that FIG 6 B6-CD28KO mice display significantly fewer LAT ϩ cells in the trigeminal ganglia than wild-type B6 mice at times of less than 40 days, but by day 40 these differences are not significant. Trigeminal ganglia were removed from latently infected B6 (n ϭ 12) and B6-CD28KO (n ϭ 10) mice at the indicated time points following infection. (A) A representative field for B6-CD28KO mouse trigeminal ganglia stained for LAT expression. Magnification, ϫ40. (B) A representative field for B6 mouse trigeminal ganglia stained for LAT expression. Magnification, ϫ40. (C) Data for LAT ϩ cells in the trigeminal ganglia in graphic form, wherein the data express the mean Ϯ SEM for individually analyzed trigeminal ganglia from these groups. *, statistical analysis indicated that P was Ͻ0.1 at day 13 and Ͻ0.05 at day 21. mediates this disease (19, 38) , is an essential factor in HSV-1 primary disease pathogenesis. In contrast, mice lacking CD80 and CD86, the binding partners for CD28, demonstrated a significantly increased pathology over that in wild-type mice in a vaginal model of HSV-2 infection (39). We further extended our observations to include recurrent HSK by measuring corneal disease in BALB/c CD28KO mice and B6-CD28KO mice in which virus was reactivated by treatment with UV-B. These mice displayed a significantly reduced pathology compared to their wild-type counterparts. This indicates that CD28-mediated costimulation is critical to the generation of an immune response that would result in corneal disease that could lead to permanent alterations of the cornea in the form of scarring.
Flow cytometric characterization of the cellular component that infiltrates the corneas of mice following reactivation revealed that the total number of inflammatory cells in wild-type mice significantly eclipsed that seen in their CD28KO counterparts. This observation was exactly as we predicted from the clinical scores and consistent with previous literature on this aspect of disease (3, (33) (34) (35) . While B6-CD28KO mice did develop an inflammatory infiltrate consisting of CD4 ϩ T cells, CD8 ϩ T cells, neutrophils, and macrophages, their numbers were significantly less that that observed for wildtype B6 mice. Therefore, even though the numbers of inflammatory cells were less in B6-CD28KO mouse corneas, the percentages of each population were similar. This observation led us to conclude that clinical disease is directly related to the quantitative nature of the inflammatory infiltrate and not necessarily the qualitative nature of said infiltrate. A previous study investigating HSV-1 gB CD8 ϩ memory responses indicated that they require CD28 costimulation for peak responses (40) . While there were some fundamental differences in how those studies and our own were performed, such as expression of gB by a non-HSV-1 source and measurement of responses more than 60 days following initial infection, their results suggested that CD28 costimulation was responsible for the reduced expression of Bcl-2, which, in this context, resulted in less proliferation of CD8 ϩ T cells. We did not investigate in our model whether mice lacking CD28 displayed differences in Bcl-2 expression. Nonetheless, CD28KO mice possessed fewer CD8 T cells in their corneas following reactivation of virus, but that was in the context of an overall reduction in total inflammatory infiltrate.
Interestingly, we also noted that approximately 10% of CD28KO mice demonstrated viral shedding prior to UV reactivation at day 30 postinfection. This is an unusual observation, as it is not seen in wild-type mice and is only rarely seen in other gene-targeted strains of mice (25) . CD28KO mice also demonstrated a longer virus shedding period (up to 12 days) following UV reactivation. Taken together, these data suggest that the responses to HSV-1 that occur in the CD28KO mouse trigeminal ganglia (TG) differ from those that are seen in TG from wild-type mice. We took this to indicate that the CD28KO mice were less able to establish or control viral latency in their TG. As anticipated, real-time PCR analysis of B6-CD28KO mice showed significantly higher relative numbers of viral genome copies in these mice than in wild-type B6 mice at days 13 and 23 postinfection. However, by day 30 postinfection, B6-CD28KO and wild-type mice showed similar viral genome levels, suggesting that the CD28KO mice were still able to restrict long-term infection. That said, we believe that the initial increased presence of the viral genome in B6-CD28KO mice could very well be due to one of two primary mechanisms. The first and more likely primary mechanism would be the result of persistent viral replication in the cornea of B6-CD28KO mice that could continue the seeding of the TG during this phase of the infection. The other possibility could be that since the initial CD8 T cell response in the TG was impaired, this allowed for increased replication of virus in the TG, which would also lead to increased anterograde migration (3) of the virus back to the cornea, adding to the persistence of virus at the cornea. These two options are not mutually exclusive, and thus, both could be operational in these CD28KO mice.
We further suspected that the elevated viral genome copy numbers seen in CD28KO mice would also be reflected in a greater number of latently infected cells, but this theory was not borne out in practice. FISH analysis showed that wild-type B6 mice had FIG 8 B6-CD28KO mice display significantly fewer gB tetramer-expressing CD8 ϩ T cells in latently infected trigeminal ganglia at days 7 and 35. Trigeminal ganglia were removed from latently infected B6 (n ϭ 10) and B6-CD28KO (n ϭ 10) mice at the indicated time points, disaggregated into single-cell suspensions, and stained with antibodies against CD45 and CD8␣ and with a gB-specific tetramer. Cells were then analyzed by flow cytometry. The data represent the mean Ϯ SEM for individually analyzed trigeminal ganglia from these groups. Then, the number of CD8 ϩ T cells expressing the gB tetramer was significantly greater in wild-type B6 corneas. *, P Ͻ 0.02 at day 7 and P Ͻ 0.05 at day 35. significantly more LAT ϩ cells than CD28KO mice at early time points, with the difference then becoming insignificant at the later time points. While we were surprised by these data, it might not be so surprising when one thinks about the fact that LAT expression could be suppressed by more persistent seeding of the TG via retrograde transport of virus to the TG due to prolonged viral production in the periphery and that as peripheral viral production ends, this allows for the establishment of latency in TG neurons.
Previous studies have shown that there is a significant influx of CD8 ϩ T cells in the TG of infected mice (26) (27) (28) . When we analyzed CD8 ϩ T cells isolated from infected TG, we found that CD28KO mice initially displayed significantly fewer CD8 ϩ T cells at days 7 and 14 but that by day 41 there were no significant differences between CD28KO and wild-type mice. Similar responses were seen when cells were stained for the gB tetramer, which monitors HSV-1-specific CD8 ϩ T cell responses. It is interesting to note that the percentages of cells expressing markers of functionality were not different, even though the absolute numbers were less in the CD28KO mice. Taken together, these data indicate that while the CD8 T cell response is delayed, it is not prevented by the lack of CD28 costimulation and that with time the generation of gB antigen-specific CD8 ϩ T cells normalizes to that observed in wild-type mice. We did not directly address the CD8 ϩ T cell response to the nondominant HSV-1 epitopes, which make up approximately half of the antigen-specific CD8 ϩ T cell responses in the TG (41) . However, the gB-specific CD8 ϩ T cell component of the total CD8 ϩ T cells that we isolated from infected TG in CD28KO mice was approximately 80% of the total, suggesting that subdominant HSV-1-specific CD8 ϩ T cells may have an increased requirement for CD28 costimulation.
The studies described in this report clearly demonstrate that CD28 costimulation is an essential component of the pathogenesis of HSK, with CD28KO mice exhibiting decreased disease following primary infection as well as the recurrent HSK that occurs after UV-B reactivation. This suggests that CD4 ϩ T cells are particularly sensitive to CD28 costimulation in the context of an HSV-1 infection and that those CD4 ϩ T cells which might have the potential to cause significant corneal disease do not expand to the same levels seen in CD28-expressing mice. We reported similar findings when the migration of T cells was impaired by neutralizing chemokines CXCL10 and CXCL9, which significantly reduced corneal disease (42) . In contrast, while CD28 costimulation compromises the animal's initial ability to establish and control latent infection in the TG, this is a transient condition. With time, these CD28KO mice can establish levels of HSV-1 genomes, latently infected cells, and CD8 ϩ T cells responses similar to those in CD28-expressing mice. While it remains possible that other costimulatory interactions could participate in activating T cell responses, there is a lack of evidence demonstrating that this is the case. We therefore conclude from these studies that CD8 ϩ T cells can expand better than CD4 ϩ T cells in the absence of CD28 costimulation.
MATERIALS AND METHODS
Mice. Investigations with mice conformed to the Association for Research in Vision and Ophthalmology (ARVO) Statement for the Use of Animals in Ophthalmic and Vision Research. C57BL/6 (B6) mice were purchased from NCI. The B6.129S2-Cd28 tm1Mak /J (B6-CD28 Ϫ/Ϫ ) and C.129S2(B6)-Cd28 tm1Mak /J (C-CD28 Ϫ/Ϫ ) mice were initially obtained from The Jackson Laboratory (Bar Harbor, ME) and were then maintained in our breeding colony.
Infection of mice. For all experiments described here, we used age-matched male and female mice from the strains indicated above that were 6 to 10 weeks old. For primary disease, we infected the scarified corneas of BALB/c and C-CD28 Ϫ/Ϫ mice with 10 7 PFU of the KOS strain of HSV-1 (38, 43) . This strain was used for primary HSK because it does not have the mortality associated with other more neurovirulent strains of HSV-1 (43) . Eye swab specimens were taken from these mice for 7 to 10 days following infection to monitor the persistence of viral shedding. For recurrent disease, mice were infected on the scarified cornea with 10 6 PFU of the HSV-1 McKrae strain as previously described (44) . The McKrae strain of HSV-1 is used for reactivation studies because it was found to reactivate most reliably following UV-B irradiation (10) . Each mouse received an intraperitoneal (i.p.) injection of 0.5 ml pooled human serum (50% effective dose for virus neutralization, 1:1,600; Sigma Chemicals, St. Louis, MO) concurrently with infection. Administration of anti-HSV antibodies at the time of ocular infection has been shown to protect mice from death and corneal disease during primary infection while allowing for the establishment of latency and subsequent reactivation of virus after corneal UV-B exposure. These antibodies are undetectable at the time of UV-B irradiation at 5 weeks after primary infection. To confirm infection, only mice displaying infectious virus obtained from eye swab specimens taken at 3 days postinfection were used for subsequent reactivation (20) .
UV-B irradiation and virus reactivation. Mice were reactivated from latency as previously described (43, 44) . Briefly, the eyes of all latently infected mice were examined for corneal opacity before irradiation, and only animals with clear corneas were used. At least 5 weeks after primary infection, the eyes of latently infected and control mock-infected mice were exposed to 250 mJ/cm 2 of UV-B light using a TM20 Chromato-Vu transilluminator (UVP, Inc., San Gabriel, CA), which emits UV-B at a peak wavelength of 302 nm. Irradiated mice were swabbed with sterile cotton applicators from day 0 to day 7, unless otherwise indicated. The swab material was cultured on Vero cells, as described above, to detect recurrent virus shedding from the cornea. Reactivation was defined as the finding of any HSV-positive eye swab on any day after UV-B exposure, with day 0 swabs serving as a control (44) .
Clinical evaluation. On the designated days after viral infection or UV-B reactivation, a masked observer, who is unaware of the experimental groups, examined the mouse eyes through a binocular dissecting microscope to score clinical disease. Stromal opacification was rated on a scale of from 0 to 4, where 0 indicates clear stroma, 1 indicates mild stromal opacification, 2 indicates moderate opacity with discernible iris features, 3 indicates dense opacity with the loss of defined iris detail except pupil margins, and 4 indicates total opacity with no posterior view. Corneal neovascularization was evaluated as described previously (43, 44) using a scale of from 0 to 8, where each of the four quadrants of the eye is evaluated for the density of vessels that have grown into them. Periocular disease was measured in a masked fashion on a semiquantitative scale as previously described (45) . Note that uninfected, UV-Birradiated control mice were used as a baseline for any effects due to UV-B irradiation.
